Introduction
The Mekong giant catfish, Pangasianodon gigas, lives only in the Mekong River. It is the world's biggest freshwater catfish, attaining a total length of 2.5 m and a weight of 250 kg. In 1930, Chevy proposed the genus Pangasianodon for this species, and reported that adults were toothless and that their mandibular barbels were rudimentary (1) . Smith proposed that the teeth might disappear with age (2), but it has been unknown whether juvenile Mekong giant catfish have no teeth or have teeth which disappear with age, because some species of Pangasius, a closely related genus, have teeth in juveniles and adults. The difficulty of capturing juvenile fish in the river has left the question unanswered till recently.
In 1983, the Thai Department of Fisheries succeeded in the artificial propagation of Pangasianodon gigas and obtained some juveniles. Meenakarn raised these specimens in a water tank for 46 weeks. She watched their morphological changes through a binocular microscope and confirmed the presence of teeth in the upper and lower jaws and on the palatine bones of the juveniles (3) . She also found that the teeth became covered with thickened epithelium over time and almost disappeared when the fish reached 53 weeks of age, but she could not clarify the process of tooth disappearance (4) . To reveal the process of tooth disappearance, histological study of the mouth and teeth of the Mekong giant catfish is necessary. The purpose of this study was to investigate tooth development and disappearance in juvenile fish by means of histological observation of various developmental stages of the fish by scanning electron microscope and light microscope.
Materials and Methods
Trade in the Mekong giant catfish is controlled by the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), so the specimens used in this study were cultured juvenile fish. We examined fish at 10 developmental stages: ca. 8.5, 9.5, 14, 17, 18, 20,Japan with the permission of the government offices in Thailand and Japan that administer CITES. In the anatomy laboratory at the Nihon University School of Dentistry, the mouth parts of the fish were cut and fixed again in 10% neutral formalin solution, dehydrated by a standard method, then embedded in paraffin wax. Sagittal, horizontal, and frontal serial sections of about 6 µm were stained with H-E, PAS, AF-MG, and Prussian blue and were examined under a light microscope.
Some of the specimens (14, 18, 20, and 24 cm) were observed by scanning electron microscope (SEM) after dehydrating, critical point drying, and sputter coating by a standard method.
Results

SEM observations
In the 14-cm fish, functional teeth with a tapered cylindrical appearance stood in line in the marginal region of the upper and lower jaws (Figs. 1, 2) . In side view, the functional teeth declined lingually, describing a gentle curve from the middle of the tooth (Fig. 2) . On the lingual side of the upper jaw tooth (toward the esophagus), the palatal teeth stood on the palatine bone (Fig. 3) , and there were pharyngeal teeth in the pharyngeal region (Fig. 4) . The shape of each was almost the same as the jaw teeth, but the size decreased from jaw tooth to pharyngeal tooth (Figs. 2-4) . As the total length of the fish increased, the number of functional upper jaw teeth decreased (Fig. 5 ). In the 20-cm fish, thickened epithelium covered the functional upper jaw teeth like a bubble (Fig. 6 ). In the 24-cm fish, the marginal region of the upper jaw was wholly covered with thickened epithelium, and no teeth were found there (Fig. 7) .
Light microscopic observations
The histogenesis of the jaw teeth, palatal teeth, and pharyngeal teeth was the same. Tooth development began with the oral epithelium invaginating into the mesenchymal area to form a dental lamina, and a small group of mesenchymal cells aggregated underneath it (Fig. 8) . The epithelium folded into a shallow bell shape and formed the bilayered enamel organ surrounding the dental papilla. Then superficial cells of the dental papilla differentiated into odontoblasts and began to secrete enameloid matrix (Fig.  9) . Dentine formation followed, and enameloid started to mineralize only after its matrix had fully formed and dentine mineralization had occurred (Fig. 10 ). During these processes, the tip of the tooth lay close to the surface oral epithelium, and its base gradually appeared to grow downwards toward the bone of the developing jaw. When the dentine formation was completed, around its base odontoblast-like cells and fibroblast-like cells began to secrete fibers (Fig. 11) . Then osteoblast-like cells and odontoblast-like cells, which continued along the pulpal side beyond the cervical loop tip, began to secrete osseous tissue matrix. Both cells that lined the osseous tissue along its outer surface were plump and showed features indicative of active synthesis. Inside the osseous tissue a few cells were observed (Fig. 12, arrow) . When the tooth came to connect to the underlying jawbone via fibers and osseous tissues, the tip of the tooth erupted into the oral cavity and the tooth became functional (Fig. 13) . This attachment mode was the same in all tooth types. In fully erupted functional teeth, a distinct enameloid cap of a transparent pale yellow and showing odontoblastic processes penetrating dentine were observed (Fig. 14) .
The resorption of functional teeth began at the boundary between the oral epithelium and the mesenchymal area, where eosinophilic, multinucleated, odontoclast-like cells invaded first (Fig. 15) . Odontoclast-like cells eroded the basal portion of the tooth, and several cells of the oral epithelium near the eroded portion began to show degeneration (Fig. 16, arrow) . As the resorption proceeded, the basal part of the dentine was broken by erosion, and the dentine became divided into large cuspal and small basal parts (Fig. 17) . The resorption of both parts proceeded independently. When the small basal part was absorbed completely, the attachment between the tooth and the fiber was cut, the large cuspal part became free from the underlying bone, and the shedding teeth were enclosed in oral epithelium (Fig. 18) . The shedding teeth began to tilt, and were finally exfoliated with the oral epithelium (Fig.  19) . The development of the successional teeth began adjacent to the functional teeth. Underneath the thickened basal layer of oral epithelium, several mesenchymal cells were concentrated (Fig. 20) , and development of the new tooth germ followed the same process as the predecessor did. The developmental rate of speed of the successional teeth differed with the growth stage of the fish and became slower.
The change in the number of functional and successional teeth observed in the upper jaw is summarized here. In the 8.5-cm fish, 16 functional and 20 successional teeth were observed. The most advanced developmental stage of successional teeth was just before eruption in teeth neighboring functional teeth that were in full resorption (Fig. 21) . In the 9.5-cm fish, 25 functional and 12 successional teeth were observed. In the 14-cm fish, 8 functional and 2 successional teeth were observed. The number of functional and successional teeth decreased rapidly. Functional teeth showing various stages of resorption or having no successional teeth near them became more common. In the 17-cm fish, there were 4 functional teeth and 3 successional teeth. The most advanced developmental stage of successional teeth was the enameloid mineralization stage (Fig. 22) . In the 20-cm fish, there were 3 functional teeth only. In the 24-cm fish, there were no functional or successional teeth in the upper jaw. Afterwards the oral epithelium changed gradually and vacuoles became conspicuous there (Fig. 23) . The upper jaw teeth and palatal teeth disappeared in the same way, but lower jaw teeth and pharyngeal teeth were observed in the 24, 27, 29, and 30-cm fish. 
Discussion
On the differences in tooth development comparison with other teleosts
The juvenile Mekong giant catfish had three sorts of tooth: jaw teeth, palatal teeth, and pharyngeal teeth. The tooth morphology was the same as in other teleosts, having a homodontical simple shape (a tapered conical appearance). The histological characteristics were also the same, comprising cap enameloid and tubular dentine (Fig. 14) . The histogenesis of teeth also proceeded like that of other teleosts. The few differences are described here.
The dental lamina did not invaginate deeply into the mesenchymal area, as observed in the development of upper jaw teeth of Oplegnathus fasciatus (5), Sicyopterus japonicus (6), and S. macrostetholepis (7) . Deeply invaginated dental lamina made it possible for tooth development to begin far from functional teeth, and made many successional teeth possible. But in the Mekong giant catfish, only one successional tooth germ developed directly from the oral epithelium adjacent to the functional tooth, we suppose that tooth development is limited to the narrow area between the epithelium and the underlying bone and is directly influenced by degeneration of epithelium.
The osseous tissue of the Mekong giant catfish differed from the pedicel seen in the upper jaw teeth of Sicyopterus japonicus (6) and S. macrostetholepis (7) , because it contained a few cells (Fig. 12) and was not replaced entirely. It seemed to be nearly the same as bone, so it could be called attachment bone, not pedicel.
Huysseune and Sire found very little direct evidence of resorption of teeth or other indications of tooth shedding in Corydoras aeneus, C.arcuatus and Hoplosternum littorale (8) . In contrast, we saw many examples of tooth resorption and odontoclast-like cells. The odontoclastlike cells could be differentiated from the external mesenchymal cells because they invaded the boundary between the epithelium and the basal portion of the root dentine, and they migrated into the pulp, as Berkovitz saw in the rainbow trout (9) . The dentine was then divided into two parts, which were resorbed independently. The resorption of the larger part appeared to progress rapidly by enclosure within the epithelium, because odontoclastlike cells could invade the epithelium (owing to the degeneration of the epithelial cells) and take part in tooth resorption (Fig. 16) . So it seems that tooth resorption in the Mekong giant catfish is faster than in other teleosts.
The most important difference was the disappearance of all teeth in the Mekong giant catfish, unlike in other teleosts, whose teeth are replaced throughout life. We confirmed histologically that the upper jaw teeth and palatal teeth disappeared before the lower jaw teeth, as found by Meenakarn (4) and Ayanomiya (10) .
On the mechanism of the disappearance of teeth As the fish grew, the numbers of functional and successional teeth decreased, and the developmental rate of the successional tooth germs slowed. In the 8.5 and 9.5-cm fish, many functional and successional teeth were observed; the latter were well developed and enlarged, and their bases grew toward the bone of each one's predecessor just before erupting (Fig. 21) . Berkovitz reported that teeth were shed and replaced almost simultaneously when the successional tooth was fully formed (11) . We suppose that the teeth were replaced so quickly in our 8.5 and 9.5-cm fish that the numbers of functional teeth did not decrease. In the 14-cm fish, the numbers of functional and successional teeth began to decrease rapidly, because the resorption took place actively and the functional teeth were shed frequently, and the development of the successional teeth slowed. But the reason for the rapid resorption of teeth at this stage was not clear. In the 20-cm fish, the epithelium thickened and covered the functional teeth like a bubble (Fig. 6) . Few functional teeth were present and no successional tooth germ was observed in the epithelium. Finally, in the 24-cm fish, there were no functional or successional teeth. A change in the epithelial morphology (Fig. 6, 23) suggested a relationship between the inhibition of development of successional teeth and the epithelium. Judging from the histological evidence, we conclude that the disappearance of teeth in the Mekong giant catfish with age is due to the cessation of development of successional teeth to compensate for the shed teeth.
